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The  question  of  factors  which  influence  the  rata 
of  growth  of  fishes  is  still  open  to  disousslon*  Numerous 
investigations  carried  out  by  various  authors  have  bean 
unable  to  olarify  conclusively  whloh  factors  should  bs  con¬ 
sidered  as  determining  ones,  vis.,  abiotic  ( teigpera  ture, 
salinity,  eto. )  or  biotic  ones  (for  example,  quantity,  calo¬ 
ric  ity  and  accessibility  of  food  objeots).  Undoubtedly, 
such  a  complex  phenomenon  as  growth  of  the  organism  depends 
•  on  a  number  of  faotora  and  each  of  them,  under  definite  oon- 
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ait  ion*,  may  become  a  detemining  faotor.  Tha  present  work 
la  devoted  to  tha  analysis  of  ona  of  tha  faotors  determining 
tha  growth  of  palaglc  flshas  which,  apparently,  has  not  bean 
given  proper  attention  up  to  now. 

For  several  reasons,  it  will  be  more  oonvenlent 
to  befiin  from  a  oonorete  example.  I.I.Nlkolayev  (1956), 
while  studying  the  causes  of  slow  growth,  fattiness  and 
rapid  sexual  maturation  of  the  Baltle  "salaka"  herring 
(Clupea  harangue  membras  L. ),  arrived  at  the  conclusion 
that  this  phenomenon  cannot  be  explained  by  the  lack  of 
food,  since  the  plankton  of  the  Baltle  Sea  is  sufficiently 
abundant.  Factors  causing  a  slow  growth  of  salaka,  acoordlng 
to  I.I.Nlkolayev,  are  low  winter  temperatures  (below  2°)  at 
whioh  salaka  does  not  feed.  Vinter  intermissions  in  feeding 
bring  about  the  feet  that  four-year  old  salaka  hardly  attains 
16-17  om  in  length,  while  Norway  herring  of  the  same  age 
reaches  29-30  cm. 

The  hypothesis  of  I.I.Nlkolayev  is  undoubtedly 
well-grounded*  Nevertheless,  it  does  not  eiqplaln  a  number 
of  facta,  m  particular,  in  the  Baltio  Sea,  apart  from  a 
small  herring  speolea,  there  is  also  found  the  so-called 
giant  salaka  (Rlesenstrtellng)  reaching  27-28  om  of  length 
jLx^its  fifth  year  of  life  (Svetovldov,  19 52).  Another 
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planktophage  of  the  Baltlo  3«i,  vis.,  Baltic  spratt  1 
(Sprattus  sprattus  baltlous  Bohn. )  raaotaaa  12*13  on  In 
length  at  three  years  of  age  (Svetovldov,  1952;  Kasanova, 
I960),  while  a  related  form  -  S.  aprattua  phalerioua  (Hisao)  - 
living  in  the  31ack  Sea  hardly  attains  7-9  oa  In  length 
(Svetovldov,  1952;  Aalanova,  1954.)*  Why*  then,  does  the 
thermal  regime  of  the  Baltic  Sea  not  prevent  the  growth  of 
the  big  race  of  Baltic  aalaka  or  aprattt  We  will  add  that 
the  herring  of  the  Penzhlnskiy  Bay  of  the  Sea  of  Okhotak, 
the  thermal  regime  of  which  la  incomparably  severer,  dis¬ 
plays  a  considerably  higher  rate  of  growth,  viz.t 
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It  is  significant  that  in  the  second  year  of  life 
salaka  is  bigger,  but  subsequently  Penshinskaya  herring  out¬ 
strips  it.  These  faota,  as  veil  as  a  number  of  similar  faots 


r oause  us  to  assume  that  the  prinelpal  faotor 

the  rate  of  growth  and  maximal  dimensions  of  pelaglo  fishes 
is  the  qualitative  composition  of  their  food,  or  more  exactly 
the  alee  and  weight  of  objects  serving  as  their  nutrition. 

At  present,  the  majority  of  researchers • (Orese, 
1939,  et  al.)  agree  that  plankton-eating  fishes,  with  rare 
exceptions,  are  not  passive  filtrators#  as  assumed,  for 
example,  by  Wunder  (1932),  hut  catch  the  food  objeots  one 
by  one.  They  differ  from  predatory  fishes  (Ivlev,  1955) 
only  by  3ize  of  the  preferred  objects  of  food.  According 

it 

to  V.S. Ivlev,  tho  measure  of  asymmetry  of  the  curve  of  the 
occurrence  of  hoterodimensiorf1!  organisms  in  the  ration  of 
plsnktoph'xges  is  positive,  while  in  the  case  of  predatory 
fishes  it  is  negative.  Consequently,  the  overwhelming  majo¬ 
rity  of  pelagic  fishes  must  be  considered  as  prehensora 
(3eklemishev,  19.92)  or  hunters  (Zernov,  194.9).  as  we  al¬ 
ready  noted,  filtrators  are  rare.  These  are  the  silver  carp 
(hypophthalmichthys  raolitrix,  Val)  feeding  on  phytoplankton 
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The  measure  cf  asymmetry  3  is  obtained  from  the  formula 

z,.’ 


nO 


,  where  a  designates  devotions  from  the  moan 


size  of  preys,  <T  is  root-mean-aquare  deviation,  and  n  is 


the  number  of  variants. 


T~ (dorutskly,  1950),  the  paddlefish  (folyodon  spathula  Vfcr3. ) 
(Kofoyd,  according  to  Vlkel'skiy,  1951*),  the  basking 
shark  (Cetorhinua  maxlmus  (hum.).  The  feeding  of  ths  lattor 
speolea  is  similar  to  tho  feeding  habits  of  baleen  whales. 

It  Is  interesting  to  not*  that  aotlvely  moving 

flltrators  are  encountered  only  among  small  animals  (Rota- 

tor la,  Copepoda,  Cladooera,  Mysldaoea,  Append loul aria ) ,  as 

well  as  among  the  largest  ones  (whales )|  anlmals-flltretors 

whloh  fill  this  dimensional  break  are  sessile  or  little 

mobile.  It  is  possible  that  straining  of  food  is,  from  the 
* 

energy  viewpoint, convenient  only  for  the  largest  and  smallest 
mobile  animals.  But  at  present  we  are  Interested  In  prehen- 
sora.  The  analysis  of  a  number  of  works  by  V.3. Ivlev  (191*1*, 
191*5,  1960  and  others), in  whloh  the  dependenoe  of  rations 
of  fishes  upon  mean  concentration  of  feeds,  nonunifomlty 
of  their  distribution  and  length  of  the  "hunting  path"  is 
being  dlsoussed,  prompts  us  to  oonolude  that  plankton-eating 
prehenaors  may  feed  on  organisms  having  only  definite  dimen¬ 
sions;  the  upper  limit  of  the  else  of  prey  is  determined  by 
the  opening  of  the  ostium  and  the  lower  one  by  the  density 
of  the  straining  net  of  gill  rakers.  At  the  same  time,  feeding 
with  very  small  organisms  even  with  the  aid  of  retaining  gill 
rakers  is  not  advantageous  for  a  plahktophage  since  in  the 


oase  of  corresponding  dispersion  of  prays  the  energy  out** 
lay  for  their  aearoh  la  not  compensated  for  by  the  energy 
contained  in  a  ration  .  Henoe ,  it  follows  that  a  pelagle 
fish  may  grow  to  a  definite  sice  only  in  the  preaenoe  of 
corresponding  feed  organisms  since  feeding  on  other  organ¬ 
isms  la  either  physically  impossible  or  la  not  advantageous 
in  terms  of  energy.  From  this  viewpoint,  let  vs  examine  the 
nutrition  of  salaka  and  other  pelagic  fishes  according  to 
the  usual  dimensional  groups  of  their  feeding  objeota: 

1)  mesoplankton  (Oopepoda,  Cladocera  and  others), 
dimensions  of  a  few  millimeters  or  less; 

2)  macroplankton  (Euphauslldae,  Hyper ildsa, 

Mysidae),  dimensions  of  the  order  of  1-3  cm; 

3)  mloronekton  (shrimps,  large  Gammaridae,  imma¬ 
ture  fish),  dimensions  over  3  cm. 

According  to  0. V.Boldovakiy  (19141),  herring  of 

*The  length  of  the  "hunting  path"  ( 2  )  does  not  increase 
proportionally  to  the  smallness  of  preys  since  it  inoreasea 
according  to  the  formula  £  ■  v(ta  4  t^),  where  v  is  the  mean 
speed  of  fish  during  feeding;  ta  is  the  time  spent  in  hunting; 
tb  is  time  spent  in  prey  swallowing  (Ivlev,  191&).  Naturally, 
tb  can  never  be  equal  to  0,  or  even  approach  it. 


f~ the  Barents  Sea,  fattening  under  conditions  which  we  o on- 
elder  as  optimal  ones  for  the  given  speoles,  feeds  mainly 
on  fiuphauelldae  (65£  of  alimentary  bolus )  and  Oalanus  fln- 
marehlous  of  IV-V  stages  (2?. 6£).  Transferred  into  the 
Baltlo  Sea,  the  North  Atlantic  herring  enoountera  different 
conditions  since  In  this  water  body  there  are  no  Buphau- 
slidae  and  large  Cslanoida.  The  largeet  oopepods  of  the 
Baltlo  <Ssa,  via.,  Llmnooalanus  grlraaldli  and  Pseudooalaxrus 
elongatus,  hardly  reach  0.35  and  0.067  mg  (Bodnek,  1953) 
and  the  other  forms  (Aoartla,  Centropages,  Bury tenor a, 
Bosinlna)  are  still  smaller.  Before  reaohlng  10-11  cm  in 
length,  the  Baltlo  herring  is  compelled  to  feed  on  small 
orustaoeans  passing  thereafter  to  nektobenthonic  Myeideo 
replacing  Euphaslldae  (Suahkina,  1953)  (Pig.  1).  Finding 
oneself  in  suoh  conditions,  the  herring  nay  adapt  itself 
to  them  in  two  ways:  It  may  change  Into  small,  rapidly 
maturing  salake,  since  e  further  growth  Is  not  advanta¬ 
geous  from  the  energy  viewpoint,  or,  preserving  e  high 
rate  of  growth.  It  may  become  a  predatory  fish  oonsurali% 
micronekton.  In  faot,  a  giant  ealaka  feeds  on  atloklebaok, 
Immature  ealaka  and  apratt  (Sohneidar,  1908 j  Svatovldov, 
1952;  Berg,  19tf8);  there  Is  no  doubt  about  ita  predatory 
way  of  life. 

L_  _l 


Pig.  1.  Pood  composition  and  dimensions 
of  Murmansk  herring  (Clupea  harenguo  ha- 
rengus  Lime)  (a)  and  Baltic  salaka  (b) 
on  the  fourth  year  of  life  (according  to 
3oldovskiy,  1914  and  Sushkina,  1953)* 

1  -  mesoplankton;  2  -  maeroplankton; 

3  -  mioronekton.  Dashed  curve  -  absolute 
length  of  the  fiah. 


It  is  poesible  that  a  similar  way  of  adaptation 
to  different  feeding  objects  was  responsible  for  differen¬ 
tiation  of  herrings  inhabiting  the  White  sea  into  small  and 
large  races.  All  the  diverse  White  Sea  herrings  (Tambovtsev, 
1957)  may  be  subdivided  into  small  ones  maturing  in  the  2nd- 
3rd  year  and  large  ones  maturing  in  the  lj.th-5th  year  of  life* 
A  similar  analogy  between  salaka  and  White  Sea  herring  is 
also  pointed  out  by  N.A .Qnitriyev  (1958)* 

The  interdependence  between  the  growth  of  pelagio 
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frithM  and  composition  of  thair  food  a ay  be  most  oXoariyl 
traoed  In  the  ease  of  Caaplan  Clupe Idas  of  Alosa  and  Clu- 
paonalla  genua.  Small  Caaplan  maaoplankton  (Burytemora 
gr Irani,  Calanlpada  aquaeduleia,  Ceroopagls*  Bvadne)  la 
oonauned  by  ClupaonaXla  deXloatula  oaapla  Svet.,  reaohlng 
60-90  an  In  length  (Barysheva ,  1951)*  With  increase  of  the 
dlraenslona  of  Caaplan  representatives  of  the  AXoaa  genua* 
mesoplanktars  alaappear  from  their  diet*  and  than  macro- 
plankters  (Myaldae).  The  largeat  Caaplan  herring  -  blaok- 
baokad  shad  (Aloaa  Kesslerl  kaaslerl )  -  la  a  flah  of  prey 
Whioh  consumes  mainly  C. delloatula  (Pig.  2). 

All  the  above said  la  not  new.  G. 3. Kara Inkin  (1952) 
convincingly  demonstrated  that  grown-up  young  plokarela  oan 
already  feed  on  plankton.  Cases  are  known  (Tyurin*  1935) 
when  perch  living  In  lakes  where  no  other  flah  are  present 
subdivides  Into  a  small  race  feeding  on  plankton  (usually 
males)  and  a  large  race  (usually  females)  consuming  small 
representatives  of  Its  own  species.  Already  In  the  10th 
stage  of  its  development  (45-60  an  of  length)*  the  sender 
beoomss  a  flah  of  pray*  although  it  can  uee  shrimp  and 
Mysidae  If  they  ere  available  In  a  water  body  (Konstantinov, 
1955)*  end  Its  growth  Is  delayed  If  maeronektonie  organisms 
are  unavailable,  as  pointed  out  by  N.Z.Syrovatskaya  (1959.). 

i_  -J ' 
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Fig.  2.  Composition  of  food  and  maximal  dlmen- 
aiona  of  Caspian  pelagio  i*00?rdl®f 

Oatroumov,  19L?j  Svetovidov,  1952)*  1  -  Blaok- 
baoked  shad;  2  -  "Agrakhanka"  hairing  (Aloaa 
brashnikovi  agrakhanika ,  Miohailowsky);  3  * 
"Dolginka"  barring  (Aloaa  brashnikovi  braahnikovi, 
Borodin);  l*.  -  Big-eyed  shad  (Aloaa  aapoahnikovi, 
Orlmm);  5  -  Caspian  ahad  (Aloaa  oaapia);  6  -  Clu- 
paonalla  delioatula  oaapia.  Other  daaignationa 
ara  the  aama  aa  in  Pig.  1. 


O.O.Vinbarg  (1956)  ealle  thia  phanomanon  tha  biologioal 
inequality  of  food  value  and  auggaata  that  "feeding  on 
sooplankton,  beginning  from  oertain  dimenaiona  of  fisht 
may  be  oonnected  with  a  low  rata  of  growth".  Tha  majo¬ 
rity  of  raaaarehara  consider  age  variability  of  feeding 
as  a  function  of  growth*  in  faot,  these  phenomena  are 
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fobviously  Interdependent.  I 

Differences  In  tho  rata  of  growth  of  fish  living 
under  different  oonditlo na  are  eatiafaotorlly  explained  by 
biologically  different  quality  of  feed  organisms.  Thus* 
for  example,  it  becomes  clear  why  lake  forms  of  herrings 
having  few  vertebrae  are  smaller  than  oceanic  ones:  nine- 
year  old  Olyutorakaya  herring  reaches  k0.7  on  of  length, 
vAiile  herring  of  Nerpioh’ye  Lake  attains  31*0  cm  (Sveto- 
vidov,  1952).  The  same  pattern  is  observed  In  landlocked 
and  anadronous  salmonidae  consuming  plankton..  The  sookeye 
(Oncorhynehus  nerka)  in  the  open  sea  reaches  56  cm  in  length, 
while  the  ibedi-vmter  Jbr  in  KTonotskoye  lake  attains  only  2h. 3 
cm  (Krokhln  and  Kroglus,  1936). 

The  mass  plankton  organisms  of  continental  water 
bodies  are,  as  a  rule,  smaller  than  marine  ones;  this  is 
especially  true  of  th**  moot  important  feed  objects  of  fish, 
viz,,  copepods.  ;iost  probably,  it  la  exactly  for  this  rea¬ 
son  that  plankton-eating  fresh  water -fish  are  much  smaller 
than  marine  ones  and,  at  the  samo  time,  they  are  charac¬ 
terized  by  a  rapid  maturation  and  short  life  cycle  (Baltic 
lake  smelt,  bleak,  cisco)  or  by  a  slow  rAte  of  growth  (blue 
bream).  The  latter  specie s  living  under  very  favorable 
feeding  conditions  of  the  Rybinsk  water  storage  reservoir. 


freaobes,  at  ten  years  of  age,  only  32  on  (YUrovitskiy,  | 
1958).  Sxceotions  from  this  rule  are  rare.  Thus,  for 
example,  the  Baikal  omul  (Coregonus  automnAlus  nigra to- 
rius  3eorgi)  Is  considerably  larger  than  other  plankton¬ 
eating  coregonines.  3ut,  one  must  take  Into  consideration 
that  this  specie  lives  under  favorable  conditions  of  Baikal  take 
where  the  vegetative  period  is  longer  (Svetovidov,  193k)» 
and  where  large  pelagic  crustaceans  ( Mac rohect opus  bra- 
raickil),  ox’  snail  ones  (Epischura  baicalensis)  in  large 
concentrations,  develop.  The  data  of  Ya. 3.Potakuyev  (195k) 
prove  that  the  adult  omul  feeds  on  Epischura  if  the  con- 

3 

sentration  of  this  crustacean  attains  30,000-35.000  per  m  ; 
If  it  doorcases,  the  onul  turns  to  a  substitute  food.  At  a 
population  of  Epischura  telcv  1G,GGC  per  the  omul  feeds 
on  Amphipoda  and  Immature  C omophor us .  Apparently,  the  out¬ 
lay  of  energy  in  search  of  Epischura  at  this  concentration 
Is  not  compensated  for  by  the  emrgy  of  the  ration  even  at 
the  lovf  temperature  regime  of  Baikal  Lake. 

It  is  well  known  that  warm-water  (south-boreal  and 


tropical)  plsnktera,  especially  copepods,  are  considerably 
.smaller  then  cold  water  lank  tors .  A.K.Goynrlkh  {1$61)  points 
out  that  in  tropical  plankton  Gopepoda  measuring  C. 36-0. 5k  mm 


predominate,  wr.ile  dimensions  of  0 . pk-0 . 91  mm  are  less  often 
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Ffoundj  boreal  Copepoda  (Calanua  finmarohious,  0.  oriata-  I 
tua  ,  0*  plume  hrus )  ara  5  to  10  times  larger.  Renee,  it 
follows  that  troploal  and  subtropical  plankton-eaters 
should  be  considerably  smaller  than  boreal  ones.  This  la 
exaotly  What  happens t  according  to  T.S.Rass  (I960),  the 
main  commercial  speoiea  of  plankton-eaters  of  north-boreal 
waters  of  the  North  Atlantic  and  North  Pacific  Ooeans  is 
the  herring  (maximal  dimensions  up  to  $0  am);  in  the  south- 
boreal  region  such  fishes  predominate'  as  the  sardine,  apratt 
and  anohovy,  dimensions  of  Which  fluctuate  from  15  to  25  om. 
This  phenomenon  is  expressed  most  sharply  in  troploal  waters 
where,  in  addition  to  small  plankton-eaters  -  Glupeidae, 
we  have  flying  fish.  Feeding  on  plankton  is  all  the  more 
disadvantageous  for  large  tropical  fish  since  the  fat  con¬ 
tent  in  it  sharply  decreases  (Bogorov,  I960),  while  on  the 
contrary  the  outlay  of  energy  for  metabolism  increases  be¬ 
cause  of  the  high  temperature  of  water  despite  the  adaptive 
decrease  of  the  intensity  of  metabolism  (Vlnberg,  1961). 

This  probably  explains  a  dcorease  in  the  rate  of 
growth  of  pelagic  fishes  living  at  the  southern  boundaries 
of  their  habitat,  as  an  example  may  serve  a  deorease  of  the 
growth  rate  of  the  mackerel  (Scomber  acombrus  L.)  according 
,  to  Aker  (1961)  and  Llssner  (1937)  in  the  latitudinal  dl-  . 
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Pig.  3*  Rate  of  growth  of  naokerel  (aooordlng 
to  Aker,  1961).  1  -  Worth  Su;  2  -  Brittany; 

3  -  Boaporua;  k  -  Adriatic  saa 


raotion  -  from  the  North  Atlantic  Ooean  to  the  Boaporua 
and  Blaok  Saa  (Pig.  3).  One  nay  aaetaaa  that  the  eauaa  of 
the  alow  growth  of  tha  Black- Saa  cold-lorlng  forma  (apratt* 
Whiting)  llaa  praoiaaly  in  tha  food  oonpoaitlon  and  not  In 
tha  diraot  aotlon  of  tenperatura  fluetuationa,  aa  Main¬ 
tained  by  Yu.O.Alayaw  (1956). 

A  diraot  conaequenee  of  tha  reduotion  in  aiaa 
of  plank tar a  and  planktophagaa  in  warn  watara  la  tha  in- 
eraaae  In  tha  population  of  f lahea  with  mixed  feeding  and 
|  in  that  of  nediua-alse  f lah  of  prey,  feeding  on  amall  flak. 
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T~W  shall  rtoall  that  inthe  Blaok  8a#  tha  mqnI  Traehurub 
traohurua  la  represented  by  a  small  plankton-feeding  mm, 
aa  wall  aa  toy  a  large  one  of  pray,  A  alnllar  phanomenon  waa 
noted  In  reapeot  to  the  Baltlo  harrlag. 

All  tha  abovesald  nay  be  sunned  up  aa  follows* 
with  freshening  and  warning  of  the  water  reservoir,  the 
planktonic  organlame  baoome  smaller;  aa  a  reault  of  this, 
the  plankton-eating  fiahaa  also  grow  ante  ller.  Naturally, 
tha  question  arises  of  how  to  explain  the  reduction  In 
site  of  plankters  in  warn  and  fresh  waters.  Of  course, 
it  is  possible  to  assume  that  we  are  faoed  with  tha  re¬ 
sult  of  a  direct  effect  of  temperature  (Bogorov  and  Pre¬ 
obrazhenskaya,  1932;)  •  But  another  reason  is  also  possible, 
▼is.,  the  growing  smaller  in  low  latitudes  and  fresh  waters 
of  representatives  of  the  initial  link  of  food  o  ha  ins  - 
phytoplankton.  According  to  N. V.Morosova-Vodyanitskaya 
(1957 )>  phytoplankton  of  the  Blaok  3ea  may  be  divided  into 
three  dimensional  groups t 

1}  oell  dimensions  over  50  fX  -  Dlatomeae  (Rhiso- 
solenla,  Coaolnodisous,  Chaetooerus)  and  Ferldlneae  (Cera- 
tium,  Peridlnium); 

2)  oell  dimensions  20-50  fx  -  Dlatomeae  (Oyolo- 
tells)  and  Peridlneae  (Bxuviaella  o or data,  Oanyaulax);  . 


V**  **  """I 

I  3)  oell  dimensions  Imi  than  20  fk  -  0oooolith©6 

phorldae  sad  smsU  MatflagalUti* 

la  waters  of  mu  with  sharply  expressed  aaasooal 
variations,  thera  altoraatoly  predominate  m>eoisa  of  ona  or 
anothar  group,  tout  at  higher  latltudaa  tha  apaelaa-  of  tha 
first  group,  via.,  largo  Dlatoaeae,  prevail.  Tha  south- 
tooraal  and  aapaolally  fraahanad  water  reservoirs  (Caspian 
Saa,  ato.)  ara  oharaotarliad  by  a  pradonlnaaoa  la  phyto¬ 
plankton  of  apaolaa  of  tha  2nd  group  (Kravlaalla  oordata). 
Finally,  in  troploal  latltudaa,  tha  main  rola  la  playsd  by 
tha  amallaat  Cooeollthophoridaa  ,  Flagallata  and  aaall  01- 
atoaeae  (Rllay,  1957;  Hantaohal,  1928).  Thus,  aooordlng  to 
tha  data  of  Hasla  (1959),  at  tha  experiment  stations  In  tha 
equatorial  sons  there  vara  anoountarad  k2  apaolaa  of  01- 
atomaaa,  53  of  Dlnoflagellata  and  33  of  Coecollthophorldae, 
thereupon  tha  xaa Jorlty  of  Dlatoaeae  belonged  to  aaall  apa- 
oiaa  not  azoaadlng  50  *xe options  (as  tha  giant  troploal 

D  la  tone  a  Ethnodlaous  rax)  ara  comparatively  rare. 

*Thair  population  nay  be  aaall  and  aoaatinaa  It  la  smaller 
than  that  of  DlatoaMae  (Kaale,  I960),  but  thalr  yield  la 
oonaldarabla  baoauaa  of  rapid  reproduction  (Morosova-Vodya- 
nltakaya ,  1957) 


Baturally,  Calanolda  of  boreal  waters  are  rough' 
filtrators  and  prehanaora  (Beklemishev,  195k) •  Warm-water 
Calanolda,  baoauaa  of  thair  inconsiderable  dimensions  and 
finer  atruotura  of  filtrating  apparatus,  ara  oapabla  of 
ualng  anallar  algaa  for  food.  A.K.Oeynrikh  (1956)  points 
out  that  "in  tha  troploal  rag ion,  unllka  in  tha  aodarata 
one,  tha  plant-eating  eopapoda  ara  ualng,  apart  from  Di- 
atomeae,  also  Coeoolithophorldaa  and  Sllieoflagallata  to 
a  oonsidarabla  extant.  At  tha  sane  tine,  in  oontraat  to 

tha  aodarata  latitude# ,  apart  from  comparatively  large 

* 

Dlatomeae,  alao  vary  email  ones  (laaa  than  11  p  in  length) 
ara  being  used." 

Tha  eame  author  points  out  that  in  the  nutrition 
of  Calanolda  1  an  in  length  (predominating  in  tha  troploal 
plankton)  there  prevail  Dlatomeae  smaller  than  11  jx  ,  l.e., 
belonging  to  tha  3rd  dimensional  group.  X.?. Beklemishev 
(1961)  also  arrives  at  tha  oonoluslon  that  "oruataoeans  of 
smaller  dimensions  do  not  oonsume  or  poorly  consume  large 
oalls  or  oalls  grouped  into  colonies,"  while  large  Gala- 
no  Ida  do  not  oatoh  algae  smaller  than  10  /x* 

In  waters  of  Soviet  south  seas.  Where,  depending 
on  the  season,  various  phytoplanktonio  complexes  are  en- 
countered,  Calanolda  oapabla  of  consuming  algae  of  diffe-, 


T"rent  sites  developed  on  s  wide  eoale*  Thus,  the  Black  3mI 
Aeartia  oleusi  (Petipa,  1959)  may  consume  Oiatoneae  and 
Dinoflagelleta  measuring  from  100  to  5  •  It  is  worth 

noting  that  Cel anus  Helgoland lous  -  the  largest  oopepod 
of  the  Blaok  Sea  -  according  to  the  same  author  (Petipa, 
I960),  constants  Nootiluoa  miliaria,  whloh  thus  serve  as 
an  intermediate  alimentary  link  between  it  and  small  algae. 

The  aboveaald  compels  us  to  assume  that  the  oause 
of  deorease  in  aise  of  warm-water  and  fresh-water  Oalanolda 
is  not  a  dlreot  action  of  temperature  but  also  of  food  com¬ 
position.  In  connection  with  this,  we  shall  note  that  fine 
filtrators,  vis.,  Calauocera,  are  also  character is tio  of 
fresh  waters.  In  the  sea  we  observe  a  mass  development  of 
only  such  fresh-water  speoiea  as  Penilia  svirostrls  which 
oan  filtrate  particles  not  larger  than  6  f/. . 

The  question  of  the  cause  of  the  predominant 
development,  in  tropical  and  continental  waters,  of  small 
but  lntenalvely  reproducing  autotrophic  speoiea  still  re¬ 
mains  open.  The  temperature  can  hardly  be  the  sole  oause 
and,  most  probably,  to  explain  thla  phenomenon  it  will  be 
necessary  to  take  into  account  also  the  seasonal  fluctua¬ 
tions  of  Illumination  and  b logon io  elements. 


The  logical  development  of  all  quoted  oonsidera 


r sion*  is  the  following  theeiit  the  length  of  alimentary"""""! 
chelna  of  neae  peleglo  organieae  increase*  from  the  polea 
to  the  equator.  We  will  quote  a  few  euch  exaaplee.  The  moat 
widely  distributed  planktophage  of  the  Arotle  basin  is  the 
polar  ood  (Klumov,  1937)*  According  to  the  preliminary  date 
of  S.K.Klumov,  it  feeds  on  both  phyto-  and  zooplankton; 
from  the  oharacter  of  its  diet,  it  should  be  considered  as 
belonging  to  the  eeoond  and  third  link  of  the  alimentary 
chain.  Almost  all  predatory  fishes,  pinnipeds  and  oeta- 
oeans  (in  particular,  the  White  whale)  of  high  latitudes 

f 

of  the  Arctic  feed  on  the  polar  ood.  Therefore,  the  food 
ohaln  beginning  with  primary  producers,  via.,  phytoplank- 
tonic  algae,  and  ending  with  terminal  links*  (white  whale), 
oontains  only  links: 

phyto-  and  sooplenkton  — ♦  polar  ood  — ♦  white  Whale 

The  alimentary  relations  of  the  peleglo  sons  of 
the  boreal  water a  of  the  Atlantic  and  Paoifio  Ooeana  are 
meetly  four-manbered.  The  alimentary  ralationahipa  of  the 
herring  feeding  on  planktonio  oruetaoeana  may  aarva  as  an 


*By  terminal  links  of  the  food  oheln  we  understand  ani- 
mala  eliminated  from  the  water  reservoir  or  entering  the 
oyole  of  organio  substance  only  in  the  prooess  of  post- 
j  humous  destruction, 
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Fexanple.  The  herring  serves  *s  food  for  sharks,  dolphins  I 
end  some  striped  whale a.  Naturally*  thla  doea  not  exolude 
the  existence  of  shorter  and  longer  ohalna. 

In  the  troploal  watera  the  alimentary  chalna  . 
are  longest  since  aooplankton  serves  here  aa  food  for  email 
fish  (sardines*  anchovies)  Which  are,  In  turn,  consumed  by 
large  fish  (tunas,  predatory  Clupeldae,  golden  mackerels ) 
and  squids.  Fishes  Which,  In  low  latitudes,  reach  the  di¬ 
mensions  of  the  North  Atlantic  herring  are  no  more  p lank to - 
phages  but  predatory  fishes,  l.e.,  they  already  belong  not 
to  the  third  but  to  the  fourth  link  of  the  food  ohaln.  These 


organisms,  in  turn,  serve  as  food  for  sharks  and  eapeolally 
for  large  squids.  In  the  tropics,  there  are  no  giant  plankto- 
phages  apart  from  rarely  eroountered  whale  shark  Rhine od on. 
Baleen  whales,  wintering  In  warm  watera,  are  not  feeding 
here.  The  most  widely  distributed  tdiale  of  the  troplos,  the 
sperm  whale,  feeds  on  the  last  links  of  the  allmontary  chains, 
vis;,  giant  squids  and  'sharks  (Sleptsov,  1955)* 

In  waters  of  high  latitude  of  the  Antarctic,  we 
will  find  probably  the  shortest  food  chain  leading  from 
phytoplankton  to  giant  planktophagea.  They  are  linked  by 
the  most  oommon  species  of  the  Antarctic,  the  orustaoean 


Euphauaia  superba.  According  to  the  data  of  Barkley  (1940J, 
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r~this  orustacean  feeds  almost  exclusively  on  phytoplank  tonl 
While  Itself  It  eonstitutes  the  bssio  component  of  the  diet 
of  penguins ,  pinnipeds  (oreb-eating  seel)  end  idxeles  down 
to  the  largest  of  ever-existing  animals,  viz.,  the  blue 
whale. 


The  theses  developed  in  the  present  article  are 
hypothetical  to  a  great  extent  since  they  are  not  supported 
by  appropriate  calculations.  This  is  oaused  by  the  defi¬ 
ciency  of  the  present-day  hydroblological  methodology  which 
operates  with  the  mean  values  of  the  population  and  biomass 
of  alimentary  objects.  Acoordlng  to  V.S. Ivlev  (1955)*  the 
ration  of  the  fish,  r,  may  be  expressed  by  the  formula 
-(kp  ♦  c$) 

r  *  R*  [  1  -  10  J,  where  R  ia  tho  maximally  pos¬ 

sible  ration,  p  is  density  of  prey  population,  k  and  o  are 
proportionality  coefficients,  and  £  Is  the  indicator  of 
the  aggregateness  of  prey  distribution.  In  their  works, 
the  planktologiats  taoltly  start  from  the  condition  that 
%  *0  ,  i.e.,  the  feeding  objects  are  distributed  with 
absolute  uniformity.  But,  this  is  far  from  being  so.  Prac¬ 
tically,  the  larger  the  planktonic  organism,  the  higher 
the  indicator  of  its  aggregateness;  it  is  known  that 
Suphausiidae,  Nfcrsidae  and  other  maoroplanktonio  organisms 


F.t.y  in  f looks*  £  ■  0  both. for  Copspoda  end  Cladocera."”! 

*  * 

An  approximate  oount  (which  la  omitted)  loads 
to  a  paradoxloal  conclusion;  freeh-watsr  plankton*  under 
oonditiona  of  uniform  distribution*  oannot  compensate  for 
tha  outlay  of  energy  for  its  oonquest  by  fish  of  suoh  aits 
as  the  blue  bream*  take  Chud  whltefleh  or  "ripue’'  (Cor ego- 
nus  albula  ladogenela).  Henee*  there  la  a  oleax  neeesaity 
for  determining  the  indicator  of  the  aggregatenaaa  of  ali¬ 
mentary  objects  of  industrial  fish.  This  value  o or respond a 
(Ivlev*  1955)  to  the  mean- square  deviation  from  the  mean 
biomass*  £  =  \J ?Jf,  .  On  this  basis*  one  may  suggest  the 

simplest  method  for  determination  of  the  aggregateness  indi 
oatort  if*  before,  planktologlste  were  content  with  taking 
one  sample*  now  it  is  necessary  to  take  several  samples  in 

one  horison  and  date rain*  not  only  the  mean  biomass  but 

»  ' 

also  the  deviations  from  it.  The  laok  of  time  at  experi¬ 
ment  stations  will  probably  not  permit*  in  the  majority  of 
eases,  the  multifold  increase  of  the  number  of  samples  and 
therefore  it  will  be  preferable  to  determine  the  indicator 
of  aggregateness  from  the  formula  $  ■  “  (Urbakh* 

i960).  The  minimal  number  of  samples  neoessary  for  suffi¬ 


cient  accurateness  in  determination  of  thla  value  must  be 


MM 

Fprobably  established  empirically  on  the  basis  of  suffi-l 
eient  selection  quantities  accepted  in  biometry* 

The  second  indispensable  condition*  as  pointed 
out  by  V.S.lvlav,  is  the  correspondence  of  tho  volume  of 
tho  sample  to  the  area  of  a  single  feeding  of  the  studied 
objects,  and  here  we  will  have  to  establish  this  volume 
empirically*  Naturally,  a  sharp  increase  of  the  number  of 
samples  to  be  processed  will  delay  the  processing  of  the 
material  but  this  can  also  be  avoided  by  applying  rapid 
methods  of  sample  processing  (ilcdnlkov,  1961;  Mednlkov 
and  Starobogatov,  1961). 

In  the  present  article,  we  deal  with  pelagic 
fishes  but  there  is  no  doubt  that  biologically  different 
qualities  of  food  also  exert  an  essential  influence  on  tho 
growth  of  benthophages.  This  is  attested  to,  in  particular, 
by  the  following  fact.  The  roach,  feeding  on  plankton  and 
benthonic  crustaceans,  is  characterized  by  slow  growth  as 
compared  with  roach  of  those  water  reservoirs  where  the 
basic  component  of  its  food  aro  molluska  ( Zhel tenkova , 
1%.9).  In  tnis  tho  question  is  only  cor.olicatod  by 

other  factors  (presence  of  shelters  and  other  forms  of 
constitutional  protectoctness  of  prey);  an  analysis  of  these 
factors  was  given  by  E.V.Borutskiy  (I960). 
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r  The  theses  developed  nay  be  of  praotloal  sigal-1 

flcanoe  in  a  number  of  eases.  This  is  seen  from  the  fol¬ 
lowing  exaa^Jle.  As  is  known,  In  the  Aral  Sea  there  were 
praotleally  no  plankton-eating  fish,  and  during  the  last 
decade  the  Baltic  salaka  was  introduced  into  this  water 
reservoir.  The  result  of  this  measure  was  successful  at 
first  sight  (Konovalov,  Markova  and  Binting,  1958)* 
salaka  was  transformed  into  a  large,  rapidly  growing  race 
of  the  typo  of  '’Rieaerstrdnling. 11  3ut  all  the  authors 
who  studied  plankton  on  the  Aral  Sea  noted  its  extreme 
quantitative  and  qualitative  poorness.  The  data  of  N.K. 
Lukonina  (I960)  permit  us  to  consider  that  the  annual  pro¬ 
duction  of  Aral  plankton  is  tens  of  times  less  then  the 
plankton  production  of  the  3ea  of  Azov  -  a  water  body  of 
similar  area,  salinity  and  location.  Hence,  it  is  clear 
that  planktoph&ges  in  the  Aral  Sea  are  few  ,  most  pro¬ 
bably  beoause  they  cannot  exist  there.  It  is  possible 
that  salaka  in  the  Aral  Sea,  beside a  amphipodans  (Kono¬ 
valov  ec  al. ,  1956),  consumes  the  young  of  other  fishes. 

For  this  reason,  the  acclimatization  of  salaka  (fish  of 
low  value  but  which  ear.  cause  damage  to  valuable  fish) 
in  the  Aral  Soa  v;ro  a  thoughtless  step,  the  suooess  of 
which  should  be  deplored  more  than  would  be  its  failure.  Such 


Fosses  art  net  ao  rare.  tte  shall  recall,  la  particular,  n 
that  northern  whlteflsh  traasplaatad  lato  Lake  Sana 
likewise  did  not  alaot  to  food  on  plankton  but  paasad  to 
fsadlac  an  smphlpodans  and  became  competitors  of  damn 
trout;  accordingly,  the  rata  of  their  growth  Increased. 

All  the  abort  said  oonvlnoes  ua  that  the  dlrnen- 
sions  of  fishes  and  their  rate  of  growth,  although 
are  determined  by  alimentary  relationships,  oaooot  la  all 
oases  constitute  a  proof  of  the  extent  of  the  feeding  base. 
In  the  sms  way,  the  bloaass  of  the  plankton,  without  eon* 
sidering  the  dimensions  of  plank ters  composing  it  and  dis¬ 
persion  of  their-  distribution,  cannot  oharaoterlse  the 
conditions  of  feeding  of  planktophages.  Zt  scene  to  us 
that  quantitative  Investigations  in  this  direction  would 
shed  light  on  many  unexplained  features  of  the  biology  of 
fishes  and  other  aquatlo  animals. 

Reoelved 
30  Kovember  1961 
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